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The optical sensors for assessing the condition of crops are based on the analysis of the wavelength of the light 
reflected by the vegetal mass, i.e. the measurement of the wavelength type and intensity of light reflected back to the 
sensors. In general, optical sensors are based on the ability of vegetation to reflect incident electromagnetic radiation, 
which allows for correlation between the qualitative and quantitative data characterizing agricultural crops. Sensors for 
measuring crop reflectance can be graded by platform, such as: aerial or spacecraft (satellites, aircraft, unmanned aerial 
vehicles, balloons), field means (hand-held sensors, sensors mounted on agricultural machinery). 
 






Generally speaking optical sensors are based 
on the ability of vegetation to reflect incident 
electromagnetic radiation, which allows for 
correlation between the qualitative and quantitative 
data characterizing agricultural crops. 
Various light wavelength values of different 
colors can be used to measure the different plant 
properties. The currently available optical sensors 
use two or more wavelengths, characteristic of red, 
green, blue (visible radiation), and near infrared 
(invisible radiation).  
For example, green color, which is associated 










It is of interest for infrared radiation with 
wavelengths near the visible spectrum, namely 0.76-
0.9 μm (near infrared) and 1.55-1.75 μm (short-
wavelength infrared).Green plants absorb much of 
the visible wavelengths, namely blue and red light, 
but more reflects the wavelengths of green light. 
Determining the spectral response (the reflection of 
vegetation) in the wavelength range characteristic of 
green light is an indicator of the relative amount of 
chlorophyll in the leaves [1, 3].  
Determination of the reflectance in the green 
spectrum can be used to assess the availability of 
nitrogen in culture or any parameter or characteristic 
that causes green color reduction [2]. 
 
2. Discussions  
 
To assess the crop status, the Normalized 
Difference Vegetation Index (NDVI) is used as a 
statistically significant correlation that has been 
established between this index and the foliar surface 
index, i.e. the vegetative development or biomass 
production.By definition NDVI is calculated with the 
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relation:NDVI = (NIR-RED)/(NIR + RED)in which: 
NIR is the spectral reflectance in the invisible 
spectrum;RED - spectral reflectance in the visible 
spectrum (red).NDVI has values ranging from -1.0 to 
1.0, in which 0 is the bare soil and values over 0.6 
indicate a dense vegetation-covered area (Figs. 1 and 
2). The simplest, two-channel VIS-NIR (visible-
infrared) sensors are able to measure the amount of 
biomass, a three-channel sensor can provide 
additional information and estimate gross protein, 
while a 16-channel sensor is able to determine 
cultures and nutritional parameters with moderate 
precision. Multispectral sensors of cameras or 
sensors mounted on drones or agricultural machines 
allow more efficient management of crops, soil, 
fertilization and irrigation. There are huge benefits 
for both the farmer and the environment, by 
minimizing the application of phytosanitary 
substances, fertilizers, water loss and, at the same 
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Multispectral remote sensing imaging 
technology analyzes the wavelengths of the visible 
spectrum (mainly green and red) as well as the 
infrared waves reflected by the vegetal mass. 
 Multispectral images are analyzed with 
algorithms and specialized software, which allow the 
quantitative measurement and evaluation of 
measured data. Multispectral imaging has the 
following advantages: 
 Identification of pests, diseases and 
weeds; 
 Optimizing the use of pesticides and their 
application through early detection of 
pests; 
 Soil fertility analysis and optimization of 
fertilizer application by detecting nutrient 
deficiency; 
 Real-time estimation of crop production 
throughout the vegetation; 
 Irrigation management of crops by 
identifying areas where water stress is 
recorded. 
Multispectral sensors typically have 3-10 
spectral bands for each pixel in the composition. 
Hyperspectral sensors measure energy in narrower 
and larger bands than multispectral sensors. 
Hyperspectral images can contain up to 200 
neighboring spectral bands.  
Numerous narrow spectral bands caused by 
hyperspectral sensors provide continuous spectral 
measurement across the entire electromagnetic 
spectrum and are therefore more sensitive to very 
small variations in reflected energy.  
The images obtained by the hyperspectral 
sensors contain much more data than the images from 
the multispectral sensors and have a greater potential 
to detect the spatial differences between the 
characteristics of the field and of the crops. 
Land laser scanners are part of the proximity 
sensor category, are easy to use and provide a three-
dimensional point network that precisely and 
individually characterizes each plant.  
The spatial resolution of the terrestrial laser 
scanners is high and can measure a few thousand or 
even more points per square meter, depending on the 
distance between the laser scanner and the scanned 
plant. Terrestrial laser scanners are sufficiently 
precise to obtain very detailed information about 
agricultural crops, but they are not used in 
agricultural preculture but are used only in scientific 
studies [1, 2, 6]. 
 
3. Existing technical solutions 
 
Sensors for measuring crop reflectance can be 
graded by platform, such as: aerial or spacecraft 
(satellites, aircraft, unmanned aerial vehicles, 
balloons) field means (from human-to-human 
sensors to those who are mounted on agricultural 
machinery). In the case of satellite remote sensing 
means, aerial means (with or without pilot) are most 
often used video/photo cameras for collecting crop 
and soil images, based on optical sensors that can 
collect reflection data and are stored for analysis 
statistics.  
Ground sensors can be classified into active 
and passive sensors, which are mainly distinguished 
by the fact that passive sensors need an external 
source of light, the active air sensors have their own 
light source, which can perform a hyperspectral or 
multispectral analysis of culture. 
A wide range of optical sensors is currently 
available, the most popular being: 
• N-Sensor (marketed by Yara); 
• GreenSeeker (marketed by Trimble); 
• CropSpec (marketed by Topcon); 
• CropCircle (marketed by Holland Scientific); 
• CropRx (sold by AgLeader), etc. 
To maximize the capabilities of optical 
sensors, they are used in combination with 
GPS/DGPS/RTK equipment, which together with 
various agricultural aggregates allow the 
implementation of precision farming concepts as a 
whole or, for example, variable rate application 




Through the development of precision farming 
systems and the recent years of Smart Farming, many 
fertilizer spreader and agricultural sprayers 
manufacturers (Amazone, John Deere, Kuhn, etc.) 
have developed distribution systems with variable 
rate depending on crop status.  
The main system that allowed their 
development in a Smart Agriculture farming system 




[1] Bareth G., 2015, 3D Data Acquisition to Monitor 
Cropping Systems: Sensors and Methods, Dieter Fritsch 
(Ed.) Wichmann/VDE Verlag, Belin & Offenbach 
 
[2] Mazzetto F., A. Calcante, A. Mena, 2009, Comparing 
commercial optical sensors for crop monitoring tasks in 
precision viticulture, J. of Ag. Eng. - Riv. di Ing. Agr., 1, 
11-18. 
 
[3] Miller P.C.H., 2014, Crop sensing and management, 
HGCA conference: Crop management into the 
Millennium. 
 
[4] Povh F.P.o, de Paula Gusmão dos Anjos W., 2014, 
Optical Sensors Applied in Agricultural Crops, In book: 
248 
MOLNAR-IRIMIE Adrian et al./ProEnvironment 12(2019) 246-249 
 
Optical Sensors - New Developments and Practical 
Applications Edition: 1 Chapter: Optical Sensors Applied 
in Agricultural CropsPublisher: IntechEditors: Mohamad 
Yasin, Sulaiman Wadi Harun, Hamzah Arof. 
 
 
[5] Solie J.B., A.D. Monroe, W.R. Raun, M.L. Stone, 
2012, Generalized Algorithm for Variable-Rate Nitrogen 
Application in Cereal Grains, Agronomy Journal, 
American Society of Agronomy 
 
[6] Tilly N., 2012, Evaluation of terrestrial laser scanning 
for rice growth monitoring, International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information 
Sciences, XXXIX-B7, Proceedings of the XXII ISPRS 














































”This is an open-access article distributed under the terms of the Creative Commons attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and 
source are credited.”  
249 
